Duchenne muscular dystrophy EQ-5D
INTERPRETATION Providing informal care to a patient with DMD can be associated with a substantial burden. Yet, more research is needed to better understand the clinical implications of caregiving in DMD and the relationship between caregiver burden and the progression of the disease. Our data synthesis should be helpful in informing clinical and social support programmes directed to families caring for a patient with DMD.
Caregiver burden has been defined as ' [t] he extent to which caregivers perceive that caregiving has had an adverse effect on their emotional, social, financial, physical, and spiritual functioning'. 1 Accordingly, caregiver burden is a multidimensional and inherently subjective construct. Therefore, studies of caregiver burden commonly cover assessment of not only health-related quality of life (HRQoL; e.g. using generic HRQoL rating scales, such as the EuroQol-5D [EQ-5D]) and specific manifestations of physical and mental health (e.g. pain and depression), but also examinations of, for example, sleep quality and sexual function, as well as more tangible aspects of caregiving (e.g. impact on work life and number of hours devoted to informal care per day or week). In addition, a wide variety of rating scales have been developed to measure overall caregiver burden, in particular in geriatric populations. 2 Duchenne muscular dystrophy (DMD) is a terminal, X-linked disease characterized by progressive muscle degeneration resulting in loss of ambulation and severe multisystem complications. 3 Although rare, DMD is the most prevalent neuromuscular disorder in children, with an estimated incidence of between one in 3802 and one in 6291 live male births. 4, 5 Without intervention, mean age at death is around 19 years, 6 but after improvements in the medical management of the disease, in particular respiratory and cardiac care, some patients now live beyond their third or even fourth decade. In most jurisdictions, patients with DMD are diagnosed around the age of 4 years and usually live at home with their parents throughout the course of their life (although there are countries, e.g. Denmark, where adult patients are provided with a home of their own, accompanied by scheduled assistance around the clock). 7 As a consequence, patients with DMD receive the majority of the day-to-day, long-term care by informal (i.e. non-professional, unpaid) family caregivers. This includes emotional and social support and assistance with basic and instrumental activities of daily living (e.g. transfers, preparing meals, cleaning, dressing, eating, and toileting), as well as help with the administration, organization, and consumption of formal health care.
During recent decades, an increasing number of studies have investigated caregiver burden in neuromuscular diseases. The aim of our study was to review the literature of caregiver burden of DMD. Specifically, this systematic literature review sought to answer the following questions: (1) what aspects of caregiver burden in DMD have been investigated? (2) What methods have been used to measure caregiver burden in DMD? (3) What is known of the caregiver burden in DMD? (4) What is known of the association between caregiver burden and disease progression in DMD?
METHOD
This systematic literature review was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 8 
Search strategy
We searched Embase, Web of Science, and PubMed for full-text articles reporting results from studies of caregiver burden in DMD. The search string contained three groups of combinations of medical subject heading terms and topic field tags: (1) "Muscular Dystrophy, Duchenne"; (2) "Quality of Life", "depression", health", "burden", "wellbeing", "impact", "stress", "cost", and "strain"; and (3) "Caregivers", "family", "sibling", "parent", "relative", "mother", "father", and "informal care" (full search strings available in Appendix S1, online supporting information). For the purpose of this review, we excluded (1) articles published before the year 2000 (to ensure that estimates of caregiver burden reflect current standard of care practices); (2) review and editorial articles; (3) articles written in a language other than English; and (4) studies reporting results for a sample comprising fewer than five caregivers (to allow for meaningful inference). For studies including patients with different indications, we also required that results were reported separately for caregivers to patients with DMD. Finally, given the specified objectives, we did not include data of caregiver coping strategies in this review.
Screening, data extraction, and synthesis of results
The search was performed from January 2nd to January 5th, 2018. Two independent investigators (EL and JE) initially screened article titles and abstracts for eligibility, and subsequently reviewed full-text versions of selected records. For all articles included in the review, the following data were extracted: author, year of publication, title, setting, sample, methods for measuring caregiver burden (including instruments), and main results. The reasons for article exclusion were recorded and potential disagreements were specified to be resolved by consensus or, if necessary, the involvement of a third investigator (HL). Result data from each article were synthesized and reported with respect to the four review questions.
RESULTS
The systematic literature review resulted in the identification of 805 publications (Fig. S1 , online supporting information). Of these, 322 were duplicates, 450 records were excluded after title and abstract screening, and 33 articles were selected for full-text review. Finally, 21 articles were considered for data synthesis. Table I presents summary data of the included publications.
What aspects of caregiver burden in DMD have been investigated?
In total, seven articles measured overall caregiver burden, [9] [10] [11] [12] [13] [14] 22 five HRQoL, [10] [11] [12] [13] [14] four stress, 14, [16] [17] [18] six work life, informal care, and/or associated cost burden, 11, [19] [20] [21] [22] 28 five family problems and functioning, 9, 14, 15, 23, 24 six sleep, 13, 15, 21, [25] [26] [27] five pain and/or discomfort, 12, 13, 21, 23, 24 two strain, 13, 28 nine anxiety and/or depression, [12] [13] [14] [15] 23, 24, [26] [27] [28] two overall caregiver health, 23, 24 one self-esteem and mastery (i.e. that life chances are under one's own control), 29 and one sexual function. 25 It should be noted that some of these aspects were measured separately (i.e. as distinct, prespecified outcomes), whereas others were captured as part of broader assessments (using, e.g., standardized instruments of overall caregiver burden or HRQoL).
What methods have been used to measure caregiver burden in DMD?
Of the 21 included articles, 20 recorded data using surveys, 9- 21,23-29 seven through interviews, 9, 14, 15, 17, 22, 27, 29 six using a combination of interviews and surveys, 9, 14, 15, 17, 27, 29 and one using clinical examinations. 27 Moreover, as evident from Table I , a wide range of instruments were used to investigate different aspects of caregiver burden. For example, overall caregiver burden was measured using the Family Burden Assessment Scale, 9 the Zarit Caregiver Burden Interview (ZBI), [10] [11] [12] and the Self-Rated Burden Scale. 13 HRQoL was measured using the World Health Organization Quality of Life instrument (WHOQoL-BREF), 10 EQ-5D-3L (a version of the EQ-5D instrument, in which all questions are described in terms of 3 levels of response categories), [11] [12] [13] visual analogue scale, [11] [12] [13] Short Form-12 Health Survey, 12 the Caregiver Well-Being Scale, 9 and the Carer Quality of Life measurement. 13 Depression was measured using the Depression Scale from the Canadian National Population Health Survey 29 and the Hospital Anxiety and Depression Scale. 13, 14 Stress was measured using the Chronic Impact and Coping Instrument, 16 the Questionnaire on Resources and Stress, 17 and the Parenting Stress Index-Short Form. 18 Strain was measured using the Caregiver Strain Index 13 and Family Strain Questionnaire. 28 Sleep quality was measured using the Pittsburgh Sleep Quality Index [25] [26] [27] and the Epworth Sleepiness Scale. 27 What is known about the caregiver burden in DMD?
Providing informal care to a patient with DMD has been found to be associated with a non-trivial overall burden, including, but not limited to, impaired health and HRQoL, [10] [11] [12] [13] [14] 23, 24 poor sleep quality, 13, 15, 21, [25] [26] [27] What this paper adds
• A substantial body of evidence describes caregiver burden in Duchenne muscular dystrophy.
• Little is known of the family burden beyond caregivers' self-assessments. reduced family function, 9, 14, 23, 24 increased risk of depression, [12] [13] [14] [15] 21, 23, 29 elevated levels of stress, [16] [17] [18] sexual dysfunction, 25 and considerable impact on work life and productivity. [19] [20] [21] [22] 28 Specifically, concerning estimates of the overall caregiver burden, the mean ZBI score (ranging from 0 [low burden] to 88 [high burden]) has been estimated at 26 in Brazil; 10 28 in a sample comprising caregivers from Bulgaria, France, Germany, Hungary, Italy, Spain, Sweden, and the UK; 11 and 29 in a sample from Germany, Italy, the UK, and the USA. 12 Concerning overall HRQoL in caregivers to patients with DMD, the mean EQ-5D-3L utility (representing HRQoL as valued by the general population, usually ranging from 0 [indicating death] to 1 [indicating perfect health]) has been estimated at 0.71 in a sample comprising caregivers from Bulgaria, France, Germany, Hungary, Italy, Spain, Sweden, and the UK; 11 0.81 in a sample from Germany, Italy, the UK, and the USA; 12 and 0.87 in the Netherlands. 13 The corresponding mean visual analogue scale scores (representing self-perceived HRQoL, usually ranging between 0 [indicating 'worst imaginable health'] to 1 [indicating 'best imaginable health']) in these samples have been estimated at 0.75, 0.74, and 0.81 respectively (in some cases, visual analogue scale data were transformed from a scale ranging from 0-10 or 100 to facilitate comparison).
11-13
Several studies have also investigated the specific prevalence and risk of anxiety and depression in caregivers to patients with DMD. Abi Daoud et al. 29 found that 31% of caregivers, versus 4% of controls from the general population in Canada, had a 50% or higher probability of a major depressive episode. Moreover, Magliano et al. 15 reported that 80% of caregivers in their Italian sample stated that they 'sometimes', 'often', or 'always' cried or felt depressed. Based on data from the EQ-5D-3L, Landfeldt et al. 12 found that half of all caregivers (pooled sample from Germany, Italy, the UK, and the USA) were moderately or extremely anxious or depressed. The corresponding estimate for caregivers from the Netherlands by Pangalila et al. 13 was 21%. In their study of German caregivers, Schreiber-Katz et al. 21 found that 32% had persisting clinical symptoms or definite diagnosis of depression, and 31% had panic/anxiety attacks. Based on data recorded using the Hospital Anxiety and Depression Scale, Pangalila et al. 13 found that 19% of caregivers were in the 'intermediate' range of depression and 5% in the 'clinical' range. Chen et al. reported in two separate studies that Taiwanese caregivers to patients with DMD have more anxiety and depression than members of the general population. 23 , 24 Nozoe et al. found that 11% and 13% respectively of Brazilian caregivers to patients with DMD used antidepressants versus 3% in the control group. 26, 27 Interestingly, comparing carriers with non-carriers, the authors found that 18% of the latter group were treated with antidepressants versus 0% in the carrier cohort.
Concerning the impact of work life and productivity, the mean proportion of caregivers that stopped working completely to care for the patient with DMD has been estimated at 29% in Germany, 21 33% in Italy, 28 21% in Australia, 20 and 50% or over ('the majority of mothers') in the UK. 22 Moreover, 43%, 29%, 49%, and 27% of caregivers reported to have reduced their working hours or stopped working completely in Germany, Italy, the UK, and the USA respectively, 19 and 29% and 38% of working caregivers reduced their working hours in Australia and Germany respectively. 20, 21 There is also evidence that caregivers experience significantly reduced productivity while working, 19 and 60% of caregivers in the German sample studied by Schreiber-Katz et al. 21 felt limited in pursuing their career. Concerning the provision informal care, the mean number of hours of informal care per week (for some studies derived by multiplying daily estimates by seven to facilitate comparison) has been estimated at 74 hours in Bulgaria, 11 65 hours in France, 11 45 hours, 63 hours, and 41 hours in Germany, 11, 19, 21 55 hours in Hungary, 11 36 hours and 59 hours in Italy, 11, 19 62 hours in Spain, 11 14 hours in Sweden, 11 44 and 63 hours in the UK, 11, 19 and 33 hours in the USA. 19 Caregivers to patients with DMD have also been found to have problems with various aspects of their sleep, including sleep latency, reduced sleep efficiency, daytime dysfunction, and poor sleep quality. [25] [26] [27] In addition, Magliano et al. 15 reported 47% of caregivers 'sometimes', 'often', or 'always' had to wake up during the night, Schreiber-Katz et al. 21 reported 58% of caregivers had persisting clinical symptoms or definite diagnosis of sleep problems, and Pangalila et al. 13 found that 57% of caregivers reported their sleep was disturbed.
Several studies show that caring for a patient with DMD is associated with financial stress and a non-trivial cost burden on the household. 9, [13] [14] [15] [16] 19 The mean annual outof-pocket expenditure has been estimated at $5940 in Germany, $7550 in Italy, $3490 in the UK, and $14 390 in the USA (in 2012 international dollars). 19 Moreover, in the study by Landfeldt et al., 19 depending on the patients' current health and mental status, between 17% and 62% reported that they did not have enough money to take care of the patient, and Magliano et al. 15 found that 42% 'sometimes', 'often', or 'always' had economic difficulties. In contrast, Pangalila et al. 13 reported that only a minority of caregivers experienced financial problems.
Evidence of the burden of DMD on caregivers also comprise feelings of guilt for passing down the disease to the patient, 15 lower self-esteem and mastery versus general population controls, 29 lack of time to perform other daily activities or hobbies, 12, 13, 15 and pain and/or discomfort. 12, 13, 21, 23, 24 Additionally, there are data from Germany showing that many caregivers to patients with DMD experience burn-out syndrome. 21 Concerning the burden on siblings to patients with DMD, Read et al. 14, 22 and Thomas et al. 9 reported that siblings were deeply involved in the provision of informal care. However, in terms of impact, siblings in the study by Read et al. 22 described their situation as 'normal' as it was 'all they had ever known'; yet, some parents described Review 993 frustration expressed by siblings over caring activities and responsibilities. A negative impact of caregiver burden in DMD on siblings was also reported by Magliano et al., 15 who found that 31% of caregivers thought that the burden associated with DMD 'sometimes', 'often', or 'always' had a negative impact on the psychological well-being of their other children, and 26% on the social life of siblings. In contrast, Schreiber-Katz et al. 21 found that siblings only contributed in 4% of total informal care time, and Read et al.
14 did not identify an increased risk of anxiety or depression based on data from the Hospital Anxiety and Depression Scale.
Despite the burden of providing informal care in DMD, it is important to mention that a few studies also measured, or identified, positive aspects of the caregivers' situation. Specifically, Magliano et al. 15 reported that two-thirds of caregivers (66%) considered their caregiving experience to have a positive impact on their lives, Pangalila et al. 13 reported that 96% stated they enjoy caregiving, and Read et al. 22 reported that siblings identified increased family cohesion, knowledge, and maturity as a positive impact of the caregiving.
What is known about the association between caregiver burden and disease progression in DMD?
In total, 10 studies have investigated the association between disease progression and caregiver burden in DMD. Aspects found to be positively associated with, for example, patient age, ambulatory status, and/or ventilatory support include hours devoted to informal care, 21 physical and cognitive problems, 14, 21 household cost burden, 19 and overall burden. 9, 10, 15 In contrast, Baiardini et al. 28 found that family strain was not influenced by disease progression (i.e. 'children's characteristics', such as age, ventilator use, and wheelchair use), and Landfeldt et al. 12 found that anxiety and depression was strongly associated with the caregivers' rating of patients' health and mental status, as well as measures of objective burden (i.e. annual household cost burden and hours of leisure time devoted to informal care) but not ambulatory class (i.e. early/late ambulatory/nonambulatory). Moreover, Reid et al. 17 found that family stress was related to psychosocial adjustment and intellectual function of the patient, but not socio-demographic variables (e.g. age, education, and wheelchair use).
DISCUSSION
The aim of this study was to conduct a systematic literature review of caregiver burden in DMD. In summary, our review and synthesis show that caring for a person with DMD may have a substantial impact on a wide variety of aspects of mental and physical health, as well as activities of daily living and work life. Indeed, in addition to assessments of the overall burden and HRQoL, we identified results for more than 15 different specific components of caregiver burden, including, for example, stress, pain, anxiety and depression, sleep quality, and sexual function, indicative of the complex and multidimensional toll that is associated with the provision of informal care to patients suffering from a progressive, severely debilitating, and ultimately fatal disease, such as DMD. However, in this regard, our review also highlights some challenges in synthesizing data concerning caregiver burden, not only because of the many different features usually investigated, but also owing to differences concerning study design and measurement of outcomes, as well as variability in the demographic and clinical characteristics of studied caregiver and patient populations.
Across studies and countries, the utility (i.e. HRQoL as valued by the general population) of caregivers to patients with DMD has been estimated at between 0.51 and 0.87. [11] [12] [13] Possible reasons for this variability include general cultural aspects (e.g. HRQoL, and perception of and reaction to illness, at the population level), differences concerning patient samples (e.g. age, disease stage, and/or prevalence of DMD-related complications), national differences in DMD care, and the availability and specification of financial and social support schemes put in place for affected families, as well as chance (because of the small sample size of some cohorts in the identified studies, in particular the publication by Cavazza et al.).
11 For reference, the identified utility estimates may be compared with UK general population data for an individual aged 35 to 44 years of 0.91. 30 In addition, it is worth emphasizing that in many studies and samples, the loss in caregiver HRQoL greatly exceed the minimally important difference threshold of 0.074, 31 as well as published disutility estimates for many serious diseases with poor prognoses, for example acute myocardial infarction (0.06), lung cancer (0.11), systemic lupus erythematosus (0.08), and epilepsy (0.07). 32 The outcomes of our review show that caregivers to patients with DMD are subject to a notable risk of anxiety and depression (with the sole exception of the study by Pangalila et al., 13 where the prevalence was similar to that of the general population as recorded by the EQ-5D-3L). Although differences in the measurement of these aspects of mental health limit the possibility to conduct meaningful inter-study comparisons, it is worth noting that estimates from, for example, Landfeldt et al. 12 and Abi Daoud et al. 29 were considerably higher than reference values for the UK and Canadian general population respectively. Considering the nature and severity of DMD, where patients inevitably transition towards a state of complete dependency and a premature death, as well as our experiences from interacting with caregivers, these findings are not surprising. Accordingly, it may, in our opinion, be relevant to routinely screen caregivers to patients with DMD for depression to ensure appropriate support as part of a holistic approach to family mental health in this and similar neuromuscular diseases. Moreover, as current evidence is exclusively based on self-reported data, we also argue that it is relevant to investigate aspects of caregiver burden (e.g. depression) using clinical diagnostic tools (as employed by relevant health care professionals) to obtain a more robust description of the health burden carried by parents and other caregivers to patients with DMD.
A handful of studies have investigated the physical implications of providing care to a person with DMD. For example, Landfeldt et al. 12 found a higher prevalence of pain and discomfort in caregivers versus reference data for the general population (i.e. 44% vs 33%), and SchreiberKatz et al. 21 that 88% had back pain and 16% had hip pain. Given that providing care to a person with DMD would be expected to involve help with transfers (e.g. getting in and out of chairs, in and out of beds, and on and off toilets), as well as assistance with other physically demanding activities of daily living (e.g. help with cleaning the house and shopping), we believe that these aspects of caregiver burden warrant further research, in particular considering the evidence concerning anxiety and depression in this population and the well-established notion that without mental health there can be no true physical health. 33 Moreover, in this context, it is worth pointing out that after the remarkable improvements to survival in DMD during the last couple of decades, responsibilities associated with informal care now also effect caregivers of increasingly older age (as they themselves are getting older), which would be expected to be associated with additional physical challenges.
Concerning measures of overall burden in DMD, the mean global ZBI score has been estimated at between 15 (in France) and 37 (in Sweden), [10] [11] [12] which may be compared with estimates for neuromuscular diseases in general (23), 34 irritable bowel syndrome (22), 35 Alzheimer's disease (29) , 36 obsessive-compulsive disorder (29), 37 and Parkinson disease (24) . 38 Interestingly, despite the notable variability across specific countries within studies, mean ZBI scores from pooled samples of caregivers from Cavazza et al. 11 and Landfeldt et al. 12 were strikingly similar, indicating that differences, at least to some extent, may be driven by chance and low precision, owing to small sample populations. However, it is important to emphasize that although outcomes from the ZBI may be an indicator of the level of caregiver burden (e.g. score 0-21=little or no burden; 21-40=mild to moderate burden; 41-60=moderate to severe burden; 61-88=severe burden), given the ordinal nature of the scale, estimates are not easily compared across studies or samples. In fact, Landfeldt et al. 39 recently published evidence that the ZBI may not be fit for purpose to measure caregiver burden in DMD. In total, five studies investigated the impact of caregiving on siblings, either explicitly as a study objective, 14, 22 or as part of the assessment of the burden on parents. 9, 15, 21 Overall, current findings are inconclusive and comparison of results is challenging as a result of differences in study design and outcome measures. It is therefore relevant to explore the burden of DMD on siblings and other family members (e.g. both parents, siblings, and other close relatives involved in providing informal care) in future studies. Indeed, a broader assessment of the burden of caregiving would be expected to be of particular importance for economic evaluations of new therapies of DMD, in which it may be relevant to account for the total impact on HRQoL of all members of affected families to allow an accurate appraisal of treatment benefits from a societal perspective. 40 To help provide a broader appreciation of the caregiver role, it should also be of interest to further study positive aspects of informal caregiving in DMD.
CONCLUSION
The outcomes of this systematic literature review show that providing informal care to a patient with DMD can be associated with a substantial burden. Yet more research is needed to better understand the clinical implications of caregiving in DMD and the relationship between caregiver burden and the progression of the disease. Our data synthesis should be helpful to inform clinical and social support programmes directed to families caring for a patient with DMD.
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Appendix S1: Final search strings M ETODO Se realizaron b usquedas en Embase, Web of Science y PubMed para obtener art ıculos completos que informaban los resultados de los estudios acerca de la sobrecarga del cuidador en la DMD.
RESULTADOS Identificamos 483 publicaciones unicas. De estos, 450 se excluyeron despu es del examen de t ıtulo y resumen, y 12 despu es de la revisi on del articulo completo. Se incluyeron un total de 21 art ıculos para la s ıntesis de datos. En la literatura se identificaron resultados que abarcaron m as de 15 aspectos de la carga del cuidador, investigados a trav es de encuestas y / o entrevistas en 15 pa ıses. El cuidado en la DMD se asoci o frecuentemente con problemas de calidad de vida relacionados con la salud, mala calidad del sueño, disminuci on de la funci on familiar, depresi on, dolor, estr es, disfunci on sexual y / o baja autoestima, as ı como un impacto considerable en la vida laboral y productividad.
INTERPRETACI
ON Proporcionar atenci on informal por los cuidadores de un paciente con DMD puede asociarse con una sobrecarga sustancial. Sin embargo, se necesita m as investigaci on para comprender mejor las implicaciones cl ınicas del cuidado en DMD y la relaci on entre la sobrecarga en el cuidador y la progresi on de la enfermedad. Nuestra s ıntesis de datos es util para informar a los programas de apoyo cl ınico y social dirigidos a las familias que cuidan a un paciente con DMD. M ETODO Pesquisamos as bases Embase, Web of Science, e PubMed para artigos completos relatando resultados dos estudos de sobrecarga do cuidador em DMD.
RESULTADOS Identificamos 483 publicac ßões unicas. Destas, 450 foram exclu ıdas ap os leitura de t ıtulos e resumos, e 12 ap os revisão do texto completo. Um total de 21 artigos foi inclu ıdo para s ıntese dos dados. Resultados incluindo mais de 15 aspectos de sobrecarga do cuidador, investigado por meio de question arios e entrevistas em 15 pa ıses, foram identificados na literature. O cuidado em DMD foi frequentemente associado com reduzida qualidade de vida relacionada a sa ude, reduzida qualidade do sono, reduzida func ßão familiar, depressão, estresse, disfunc ßão sexual, e/ou reduzida auto-estima, assim como consider avel impacto no trabalho e produtividade.
INTERPRETAC ßÃO Prover cuidado informal a um paciente com DMD pode ser associado com sobrecarga substancial. Mais pesquisas são necess arias para compreender melhor as implicac ßões cl ınicas do cuidar em DMD e a relac ßão entre sobrecarga do cuidador e progressão da doenc ßa. Nossa s ıntese de dados pode ser util para informar programas de suporte cl ınico e social para fam ılias que cuidam de um paciente com DMD.
